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In the preceding paper of this series, experiments dealing with con- 
secutive observations on the peripheral cytology of normal rabbits for 
prolonged periods of time were described and the results pertaining to 
the erythrocytes and the hemoglobin were reported (1).  The observa- 
tions were made on 5 groups of male rabbits, 4 of 10 and 1 of 5 animals, 
during a  period extending from October, 1927  to July,  1929.  In the 
present  paper, the  results  relating  to the total white cell counts are 
reported together with a consideration of these values from the stand- 
point  of the  total  granular  leucocytes--the  neutrophiles  (pseudo- 
eosinophiles),  the basophiles, and the eosinophiles--on the one hand, 
and  the  total  non-granular  cells--the  lymphocytes and  the mono- 
cytes--on the other. 
Materials and Methods 
Since the conduct of the experiments and the methods employed in analyzing 
the results obtained have previously been described (1), it will suifice  here merely to 
state that in the great majority of cases the examination of the blood was carried 
out at we*My intervals.  The differential counts which were made by means of 
the supravital  neutral  red technic, were based upon counts of 100 ceils for each 
specimen. 
The number of examinations on each group of rabbits was: Group I, 35; Group 
II, 13; Group III, 8; Group IV, 29; Group V, 26.  The first 4 grOups comprised 
10, and the last, S animals. 
RESULTS 
The results on consecutive total white blood cell counts in 5 groups of 
normal rabbits observed 8 to 35 weeks are given in Tables I  to V and 
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in Text-figs.  1 and 2.  The results have further been considered from 
the standpoint of the total granular  and the total non-granular  cells 
(Tables I  to V; Text-figs. 1 and 2).  In all cases, the observations are 
presented in the form of weekly group means together with the prob- 
able errors of the means, the standard deviations, and the coefficients of 
variation.  The series of curves in Text-figs. 1 and 2 representing the 
smoothed means are drawn in the form of the percentage deviations 
of these values from standard values (1, 2).  The standard values used 
are  as  follows: Total  white  cells,  9560  per  cubic  millimeter;  total 
granular cells, 5505 per cubic millimeter; total non-granular cells, 4050 
per cubic millimeter.  Other curves illustrate the smoothed values of 
the coefficients of variation of the group means. 
DISCUSSION AND  StrM~d~Y 
In discussing the results on the consecutive total white cell counts of 
5 groups of normal rabbits studied over long periods of time, it will be 
convenient to consider the observations of each group in chronological 
order.  The results will then be taken up from the standpoint of the 
granular and the non-granular cells. 
Group  I  was examined  from October 24,  1927  to  June  19,  1928. 
During the 9 months of the experiment,  it was found that the mean 
total white cell counts were considerably increased as determined by 
weekly observations  (Table  I).  The  character  and  extent  of  this 
change is shown in the curve  (Text-fig.  1) which represents the per- 
centage  deviations  of the  smoothed weekly means  from  a  standard 
value of 9560 cells per cubic millimeter. 
From an initial level of 10 per cent below the standard  value in October and 
November, 1927,there was a fairly regular increase to 25 per cent above it by the 
end of February; in March and April, somewhat lower levels were observed, but in 
May there was another  rise to 35 per cent, followed in June by slightly lower 
counts.  It should be noted that the curve of the smoothed coefficients  of variation 
of the means (Text-fig. 1) shows only slight irregularities throughout  its course, 
thus indicating that the alterations of the mean values were generaUy character- 
istic of the group as a whole. 
In the case of Group II (Table II) which was examined from March 
29 to June  19,  1928,  a  similar  increase of the  total  white  cells  was 
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The level of mean values was lower than that of Group I for the same period, 
but the general character of the increase resembled in a  striking manner  that 
of the former  group  (Text-fig.  1).  The curve of the smoothed coefficients of 
variation of the weekly means of Group II is quite uniform and occupies the same 
level as that of Group I. 
The mean white cell values of Group III, followed from September 
20 to November 22, 1928 (Tnble III) were lower than those of Group 
I  or of Group II a~ud in addition, differed from these first groups in 
showing only minor fluctuations. 
The curve illustrating these findings (Text-fig. 2) presents few irregularities and 
is, in fact, almost a straight line at the 20 to 25 per cent level below the standard 
value.  The first part of the curve of the smoothed coefficients of variation of the 
weekly means (Text-fig. 2) is slightly higher than those of Groups I and II but the 
second half is entirely comparable. 
The fourth group of rabbits was followed from November 27,  1928 
to June 18,  1929  (Table IV).  In general, the level of the white ceil 
means (Text-fig. 2) was s'~milar to that of Group III and lower than 
that of Group I  examined the previous year.  It was found, as was 
the case with Groups I  and II, that these values became considerably 
increased. 
In November and December, the lowest counts of the group were observed; in 
January and February, higher values prevailed;  during March and April, slightly 
lower levels were fairly well maintained with a second increase at the end of April 
which in turn, was followed by a  steady dedine to values comparable  to those 
observed at the beginning of the experiment.  The coefficients of variation oE the 
white cell means of Group IV were. of the same  general  order of magnitude as 
those of the first 3 groups, but they were somewhat more irregular  as is brought 
out by a  comparison of the respective  curves of the smoothed  values shown in 
Text-figs. 1 and 2. 
In comparing these changes with those of Group I observed during a 
similar period  of the  previous  year  (Text-figs.  I  and  2),  it  will  be 
noted that as far as form and direction are concerned, the curves for 
these groups bear a general resemblance to each other up to May and 
June.  In  the case of Group I,  higher levels continued to be main- 
tained during these months although the final direction of the curve is 
downward; in the case of Group IV, the downward trend which began 
in April was continued throughout June. 52  BLOOD  CYTOLOGY  OF  THE  RABBIT.  IH 
The observations on Group V extended from December 19, 1928 to 
June 21, 1929 (Table V); this series comprised 5 as contrasted with 10 
rabbits in each of the other groups.  The level of the white cell means 
was consistently lower than that of any other group, but as was found 
in Groups I, II, and IV, the values became increased. 
As far as trends are concerned, the first half of the Group V curve, representing 
the observations of December, January, February, and March, shows a striking 
similarity to the curve of Group IV for the same period; the latter part, however, 
differs in that the March level continues to be fairly constantly maintained to the 
end of the experiment  while the curve of Group IV first rises (April) and then falls 
(May and June), so that eventually the two curves cross each other.  The coeffi- 
dents of variation of the weekly means of Group V (Text-fig. 2) are, as was the 
case with Group IV, more irregular than those of Groups I, II, and III, but they 
are of the same general order of magnitude as the others. 
Turning now to a  consideration of the white cells from the stand- 
point  of  their  division  into  granular  leucocytes  and  non-granular 
lymphocytes and monocytes (Table I), it will be seen by referring to 
Text-fig. 1, that in the case of Group I, both the granular and non- 
granular cells participated in  the increase of the mean total white 
count.  As far as general contour is concerned, the curves representing 
the means of these cells are similar to the curve of the total white cell 
means, but they are more irregular and their fluctuations are more 
pronounced, especially in the case of the non-granular cells.  For the 
most part, the shifts in the trends of these curves are similar in direc- 
tion, and not infrequently, a change in the non-granular curve precedes 
that of the granular curve.  At the time of the pronounced drop in the 
total white  cell means in  March which occurred  after  a  prolonged 
increase in values, it will be noted that there was a marked decrease in 
the non-granular means which was relatively much greater than the 
decrease of the granular cell means.  In like manner, the participation 
of the non-granular cells in the prolonged rise of the total white cell 
curve during May and June was relatively much more pronounced 
than that of the granular leucocytes.  With respect to the coefficients 
of variation of these means,  the  curves illustrating their  smoothed 
values also show more irregularities than that of the total white means 
but all are of the same general order of magnitude. 
In the case of Group II (Table II) the granular and non-granular cell  means were 
found to have the same general relationship to each other and to the total white LOUISE  PEARCE  AND  ALBERT  E.  CASEY  53 
cell means as in Group I, as is illustrated by the curves in Text-fig. 1.  And the 
coefficients of variations of these means were likewise similar to those of Group I 
(Table II, Text-fig. 1). 
The observations on Group III (Table III) differ from those of Groups I  and 
II in that the trends of the slight variations of the granular and non-granular 
means are consistently in opposite directions as is shown by the curves of Text- 
fig. 2.  The curve representing the total white cell means is practically a  straight 
line.  The curves of the smoothed coefficients  of variation for the granular and 
non-granular means show no significant  differences  from those of Groups I  and 
II. 
In  the  case of Group IV  (Table IV),  the  general character of the 
trends of the granular and non-granular cell means with respect to each 
other and to the total white cell means resembled those of Groups I and 
II (Text-fig. 2) but in certain features, the results were different. 
Thus, there are more irregularities in the curve representing the granular cells 
than in  the  curve of the  non-granular  cells  and the fluctuations are more pro- 
~ounced.  Furthermore, the increase in the total mean counts during January and 
February and the decreasing  values in May and June were participated in by a 
greater relative increase and decrease  of the granular than of the non-granular 
means.  The coefficients of variation of both granular and non-granular means of 
Group IV (Table IV, Text-fig. 2) were of the same order of magnitude as those of 
the previous groups. 
The results of Group V  (Table V)  with respect to the  consecutive 
granular and non-granular cell means resemble on the whole those of 
Groups I  and  II rather  than  those of Group IV,  as may be seen by 
comparing the curves in Text-figs. 1 and 2. 
While  the general trend of both the granular and non-granular curves is  defi- 
nitely upward, the rise of the non-granular curve is more pronounced than that of 
the granular, indicating a greater relative increase  in the mean number of non- 
granular cells.  This feature was found in Groups I and II but the reverse occurred 
in Group IV.  In addition, the non-granular cell curve of Group V is somewhat 
more irregular and the fluctuations are more marked as was also the case with 
Groups I  and II but not with  Group IV.  The coefficients  of variations of the 
granular and non-granular cell means of Group V (Table V) are of the same order 
of magnitude as those of the other groups (Text-fig. 2). 
It  should  be  specially noted  that  in  the  groups  observed  for  the 
longest periods,  the mean values of the total white cells became con- 
siderably increased.  In Groups I, II, and V, followed  35,  13, and 26 54  BLOOD  CYTOLOGY  OF THE  RABBIT.  III 
weeks respectively, the values during the latter part of the experi- 
ments were all higher than those of the first weeks.  Both the granular 
and non-granular cell means participated in this change, but from a 
relative standpoint, the latter values showed the greater alteration. 
In the case of Group IV, followed 29 weeks, a similar increase of the 
total white cells occurred although it was not sustained during the last 
8 weeks; the granular cell means of this group showed a greater relative 
change than those of the non-granular cells. 
In connection with these findings of augmented white cell counts 
over periods of several months, it might be thought that the increasing 
age of the rabbits was a factor of some significance; at the beginning of 
these experiments, the animals were considered to be 6 to 8 months 
old.  According to the recent observations of Cheng (5), however, the 
numbers of leucocytes in the blood stream of rabbits 9 to 16 months of 
age,  although fluctuating at  a  high  level,  are  not increased.  The 
question of intercurrent infections such as snuffles, as a factor in the 
production of increased white counts will be considered in connection 
with the results on the individual classes of white cells (3, 4). 
The significance to be attached to the major Changes in the levels of 
the total white, the granular, and the non-granular cell means over 
periods of time is indicated by the following examples of the ratios of 
the differences  of various mean values to their probable errors. 
Total white cells  Granu]ar:cells  Non-granular cells 
Ratio J  Dates of mean values 
2.47  Oct.  24  June 19 
3.3C  Feb.  21  Mar. 20 
3.67  Mar. 29  June 19 
3.60 ~ Sept. 20  June 19 
8.33  Nov. 27  Jan.  2 
8.75  Jan.  2  Apr.  23 
5.43  Dec.  29  Jan.  24 
7.09  Jan.  24  June 7 
Group 
Num- 
ber  Dates of mean values  Ratio  J  Dates  of mean values 
I  Oct.  24  June 19  2.8~  Oct.  24  June 19 
Mar. 13  June 5  4.3~  Dec.  6  Feb.  28 
I 
II  Mar. 29  ! June 19  7.01  Mar. 29  June 19 
III  Sept. 20  J Nov. 16  2.0C  Sept. 20  Nov. 22 
IV i Nov. 27  Jan.  2  4.5~  Nov. 27  Feb.  19 
Apr.  9  [ June 18  5.3~  Feb.  19  June 18 
I 
V  Dec.  29  i June 21  4.82  Dec.  29  June 21 
Jan.  24  i Apr.  5  8.7~  Jan.  4  Apr.  5 
Ratio 
2.64 
7.52 
6.61 
1.64 
5.20 
7.13 
5.44 
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As was the case with the erythrocyte and hemoglobin mean values 
of these experiments (1), the general level of the total white cell means 
was higher in the groups of rabbits examined during 1927-28 than in 
those examined in 1928-29.  This was also true of both the granular 
and the non-granular cells but was less pronounced in the former than 
in the latter class. 
The present results are analogous to those of the erythrocytes and 
hemoglobin (1) in still another respect.  It has been shown that as far 
as general direction or trend of the total white cell means is concerned 
and in the case of many individual fluctuations as well, two groups of 
rabbits examined during the same months behave in a similar manner. 
In the case of the granular and non-granular divisions of white cells, 
however, the resemblance is not always as striking.  With the granular 
and non-granular cells of Groups I and II and with the granular cells 
of Groups IV and V, the similarity was quite pronounced, but with the 
non-granular cells of Groups IV and V, the parallelism was less marked. 
In most cases, an alteration in the trend of the granular cell means 
of a group was accompanied by a movement of the non-granular cell 
values in the same direction but in certain instances, a change in the 
opposite direction was observed. 
The period of most frequent point to point fluctuation of the total 
white cell and of the granular and non-granular cell means of the 4 
groups examined for several months occurred in  February,  March, 
and April of both years  (1928  and  1929).  A  similar but less pro- 
nounced phase of irregularity affecting chiefly the total white and the 
granular cells was observed in October and November of 1927 but not 
in the fall months of 1928. 
CONCLUSIONS 
Consecutive weekly observations on the total white cell count of the 
peripheral blood were made on 5 groups of normal rabbits, a total of 
45 animals, during a period of 20 months from October, 1927 to July, 
1929.  The duration of individual group examinations varied from 8 to 
35 weeks. 
In the case of 4 groups followed 13 to 35 weeks, the general trend 
of the total white cell means was toward increasing values; with the 56  BLOOD  CYTOLOGY  OF  THE  RABBIT.  III 
group  followed 8  weeks,  the means were maintained at  a  constant 
level. 
The changes in  the levels of the granular cell means were usually 
accompanied by changes in a similar direction of the non-granular cell 
means.  In  the  case of 3  of the 4  groups  followed for the longest 
periods, the greatest relative alterations occurred in the non-granular 
cells. 
The fluctuations in the mean values of the total white cells and of 
the granular and the non-granular cells which were observed in one 
group  of  rabbits,  were  also  generally observed  in  another  group 
examined during the same months. 
The period of greatest irregularity in the mean values of the total 
white cell means and of the granular and the non-granular cell means 
as well, occurred during the late winter and spring months of both 
years. 
The general level of the total white cell mean values in the groups 
examined during 1927-28 was higher than that of the groups observed 
during 1928-29.  A  similar difference was found in the granular and 
non-granular mean values but it was somewhat less marked in  the 
case of the granular cells. 
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